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METAL BACK-ATTACHED PHOSPHOR__SgBEEH-> MKTHOD OF FORMING THE SAME , 

AND IMAGE DISPLAY DEVICE 



Technical Field 

[0001] The present invention relates to a metal back-attached 
phosphor screen applied to an imagedisplay device, amethodof forming 
the same, and an image display device including the metal 
back-attached phosphor screen. 



10 Background Art 

[0002] Conventionally, in an image display device such as a 
cathode-ray tube (CRT) , a metal back-attached phosphor screen having 
a metal film such as an aluminum (Al) film on an inner surface (a 
surface facing an electron source) of a phosphor layer has been widely 

1 5 adopted . 

[0003] The metal film is called a metal back layer and is disposed 
to increase brightness by reflecting light to a face plate, the light 
being emitted from a phosphor by electrons released from the electron 
source and advancing toward the electron source, and to function 
20 as an anode electrode by giving conductivity to the phosphor screen. 
This metal film further has a function of preventing the phosphor 
from being damaged by ions generated due to ionization of gas remaining 
in a vacuum envelope. 

[0004] For many years, a CRT to which such a metal back-attached 
25 phosphor screen has been applied is the dominant display device, 
but in recent years, with an increase in the need for thinning and 
increasing the size of the device, the development of a field emission 
display ( FED ) of non-deflected electron beam type with a cold cathode 

1 



has been rapidly advanced. 

[0005] Generally, in the image display device, the larger the 
potential difference between an anode (metal back side) and a cathode 
(electron source side), the higher light-emission brightness can 
be obtained, but there is a problem that abnormal discharge tends 
to occur between the anode and the cathode because the distance between 
the electrodes reduces with the thinning of the device. If abnormal 
discharge occurs, not only stable images cannot be displayed but 
also a discharge current as large as several amperes to several hundred 
amperes flows instantaneously, which raises a possibility that an 
electron emitting element of a cathode part or the phosphor screen 
of an anode part is destroyed or damaged. 

[ 0006] in order to relieve the damage when such abnormal discharge 
occurs, forming a zigzag (meandering) or spiral gap in the metal 
back layer used as the anode electrode is proposed to reduce the 
discharge current. As a method of fabricating or forming such an 
anode electrode, a method of cutting by a laser or deposition by 
a metal mask is described (See Japanese Patent Laid-open Application 
No. 2000-251797 or Japanese Patent laid-open Application No. 
2000-311642) . 

[0007] However, the aforementioned method of reducing the 
discharge current by forming the metal back layer in a plane coil 
shape is an art to prevent the metal back layer or the electron source 
from being damaged/destroyed when the abnormal discharge occurs, 
but this method cannot reduce the probability of occurrence of 
abnormal discharge itself. 

[0008] Moreover, a method of decreasing the electron beam 
accelerating voltage to a range in which no electric discharge occurs 



has been hitherto adopted as a countermeasure to inhibit the 
occurrence of abnormal discharge, but in this method, the narrower 
the gap between electrodes in the image display device, the lower 
the electron beam accelerating voltage needs to be set, hence in 
the FED, the light-emission brightness becomes extremely low, and 
accordingly, in the present situation, this is of no practical use. 
[0009] The present inventors note that in the thin image display 
device such as the FED, many fine fragments of the metal back layer 
adhere to the cathode side due to the occurrence of abnormal discharge 
even when there is no projecting portion which triggers discharge 
on the surface of the metal back layer. As a result of investigating 
the phosphor screen of the image display device in which such discharge 
occurs, it is found that as shown in FIG. 16, innumerable minute 
projections 22 are formed on the surface of an Al film which is a 
metal back layer 21 and these projection 22 portions are about to 
peel off. 

[0010] From this, it is thought that force to peel off the metal 
back layer 21 by an electric field between the anode and the cathode 
exceeds adhesive force between a phosphor layer 23 and the metal 
back layer 21, peeling occurs in the form of the minute projections 
22 in the metal back layer 21, which, as a discharge trigger, causes 
the occurrence of abnormal discharge. Incidentally, in this figure, 

* 

numeral 24 denotes a face plate, and numeral 25 denotes a light 
absorption layer which is a black matrix. 

[0011] Thepresent inventionhas been made in view of these respects 
and its object is to provide a metal back-attached phosphor screen 
with excellent withstand voltage characteristics capable of 
increasing the electron beam accelerating voltage without causing 



the occurrence of abnormal discharge and being applied to a thin 
image display device with a high light-emission brightness. 

Disclosure of the Invention 
5 [0012] The present invention is obtained as a result of diligently 
repeating experiments on the correlation between the adhesive force 
between a phosphor layer and a metal back layer and the occurrence 
of electric discharge in a thin image display device such as a FED. 
[0013] A first aspect of the present invention is a metal 

1 0 back-attached phosphor screen comprising a phosphor layer and a metal 
back layer on an inner surface of a face plate , in which a first 
treatment layer containing an oxide of one kind or two or more kinds 
of elements selected from the group consisting of silicon, aluminum, 
titanium, and zirconium is formed on the phosphor layer and the metal 

15 back layer is formed on the first treatment layer. 

[0014] A second aspect of the present invention is a metal 
back-attached phosphor screen comprising a phosphor layer and a metal 
back layer on an inner surface of a face plate, in which a first 
treatment layer containing one kind or two or more kinds of inorganic 

20 oxides selected from the group consisting of silicon oxide, a silicon 
oxide containing one kind or two or more kinds of alkalimetal elements , 
aluminum oxide, titanium oxide, and zirconium oxide is formed on 
the phosphor layer and the metal back layer is formed on the first 
treatment layer. 

25 [0015] Athird aspect of the present invention is amethodof forming 
a metal back-attached phosphor screen which comprises forming a 
phosphor layer on an inner surface of a face plate, forming a first 
treatment layer containing an oxide of one kind or two or more kinds 
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of elements selected from the group consisting of silicon, aluminum, 
titanium, and zirconium on the phosphor layer, and forming a metal 
back layer on the first treatment layer. 

[0016] A fourth aspect of the present invention is a method of 
5 forming a metal back-attached phosphor screen which comprises forming 
a phosphor layer on an inner surface of a face plate, forming a first 
treatment layer containing one kind or two or more kinds of inorganic 
oxides selected from the group consisting of silicon oxide, a silicon 
oxide containing one kind or two or more kinds of alkalimetal elements , 

10 aluminum oxide, titanium oxide, and zirconium oxide on the phosphor 
layer, and forming a metal back layer on the first treatment layer. 
[0017] A fifth aspect of the present invention is an image display 
device which comprises a face plate, a rear plate disposed facing 
the face plate, numerous electron emitting elements formed on the 

15 rear plate, and a phosphor screen formed on the face plate in such 
a way as to face the rear plate and emitting light by electron beams 
emitted from the electron emitting elements, the phosphor screen 
being the aforementioned metal back-attached phosphor screen in the 
present invention. 

20 

Brief Description of Drawings 

[0018] FIG. 1 is a sectional view showing a first embodiment of 
a metal back-attached phosphor screen according to the present 
invention. 

25 [0019] FIG. 2 is a sectional view showing a second embodiment of 
the metal back-attached phosphor screen according to the present 
invention. 

[0020] FIG. 3 is a sectional view showing the structure of a FED 
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which is a fourth embodiment of the present invention. 
[ 002 1 ] FIG . 4 is a graph showing results of measuring and evaluating 
the relation between the solid content concentration of a colloidal 
silica solution and the adhesive force of a metal back layer in Examples 
1 and 2. 

[0022] FIG. 5 is a graph showing results of measuring and evaluating 
the relation between the solid content concentration of a Na silicate 
solution and the adhesive force of the metal back layer in Examples 
1 and 2. 

[0023] FIG. 6 is a graph showing results of measuring and evaluating 
the relation between the solid content concentration of the colloidal 
silica solution and critical holding voltage in Examples 1 and 2. 
[0024] FIG. 7 is a graph showing results of measuring and evaluating 
the relation between the solid content concentration of the Na 
silicate solution and the critical holding voltage in Examples 1 
and 2 . 

[0025] FIG. 8 is a graph showing results of measuring and evaluating 
the relation between the solid content concentration of the colloidal 
silica solution and the critical holding voltage when an Al film 
is previously flawed in Example 3 . 

[ 0026 ] FIG . 9 is a graph showing results of measuring and evaluating 
the solid content concentration of the Na silicate solution and the 
critical holding voltage when the Al film is previously flawed in 
Example 3. 

[ 0027 ] FIG . 1 0 is a graph showing results of measuring the relation 
between the thickness of the Al film which is the metal back layer 
and light-emission brightness. 

[0028] FIG. 11 is a graph showing results of examining the relation 



between compounded percentages of Si0 2 and Ti0 2 and adhesive force 
regarding metal back-attached phosphor screen samples in Example 
4. 

[0029] FIG. 12 is a view showing the schematic structure of a 
brightness measuring device used in Example 4. 

[0030] FIG. 13 is a graph showing results of examining the relation 

between compounded percentages of Si0 2 and Ti0 2 and brightness 

reduction rate at an anode voltage of 5 kV regarding the metal 

back-attached phosphor screen samples in Example 4. 

[0031] FIG. 14 is a graph showing a region capable of increasing 

the adhesive force and the critical holding voltage while maintaining 

brightness characteristics in a composite metal oxide film containing 

three components of Si, Ti, and Zr in Example 4. 

[0032] FIG. 15 is a graph showing results of measuring the relation 

between the adhesive force of the metal back layer and bright reduction 

in Example 5. 

[0033] FIG. 16 is a sectional view showing the state of a phosphor 
screen of an image display device in which discharge occurs. 

Best Mode for Carrying out the Invention 

[0034] Preferred embodiments of the present invention will be 
described below. It should be noted that the present invention is 
not limited to the following embodiments. 

[0035] FIG. 1 is a sectional view showing a first embodiment of 
a metal back-attached phosphor screen of the present invention. 
[0036] In FIG. 1, numeral 1 denotes a glass substrate of a face 
plate. A light absorption layer 2 in a predetermined pattern (for 
example, in a striped pattern) composed of a black pigment or the 



like is formed on an inner surface of the glass substrate 1 by 
photolithography or the like, and a phosphor layer 3 of three colors 
of blue (B), green (G) , and red (R) is formed on the pattern of the 
light absorption layer 2 by a slurry method using ZnS-based, Y 2 0 3 -based, 
and Y 2 0 2 S -based phosphor liquids or the like. The phosphor layer 
3 of individual colors can also be formed by a spray method or a 
printing method. When the spray method or the printing method is 
used, patterning by photolithography can be used together, if 
necessary. The phosphor screen having the pattern of the light 
absorption layer 2 and the three-color pattern of the phosphor layer 
3 is formed, as described above. 

[0037] A first treatment layer 4 containing an inorganic oxide 
is formed on this phosphor screen. Here, as the inorganic oxide, 
silicon dioxide (Si0 2 ) , a silicon oxide containing an alkali metal 
such as Na, K, or Li, aluminum oxide (Al 2 0 3 ), titanium oxide (Ti0 2 ), 
zirconium oxide (Zr0 2 ), or the like is used. 
[0038] To form these layers, for example, a method of 
applying/drying a colloidal silica solution or a Na silicate (sodium 
silicate) solution and heat-treating (baking) a resulting coating 
film can be adopted. By applying/drying and heat-treating (baking) 
the colloidal silica solution, a silica (Si0 2 ) particle layer is 
formed, in the method of applying/drying and heat-treating the Na 
silicate solution, an alkali silicate glass (Na 2 0 • nSi0 2 ) layer is 
formed . 

[0039] Moreover, withalkoxide (alcoholate) containing of at least 
one kind of element selected from Si, Ti and Zrasa starting material, 
a film containing at least one kind of oxide selected from Si0 2 , 
Ti0 2 , and Zr0 2 can be formed by a sol-gel method. For example, by 
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applying/drying a liquid containing oligomer which is obtained by 
hydrolyzing and polycondensing alkoxide such as ethyl silicate or 
methyl silicate in a solution containing an organic solvent, and 
heat-treating (baking) a coating film, a SiO z film can be formed. 
[0040] Further, by forming the first treatment layer containing 
a composite oxide of at least two kinds selected from Si, Ti, and 
zr, reduction in light-emission brightness can be inhibited, and 
the adhesive force of the metal back layer can be improved to the 
maximum extent possible. It is desirable that all the following 
expressions hold when content percentages of respective components 
in the first treatment layer are expressed as weight percentages, 
the respective components are turned into oxides (Si0 2 , Ti0 2 , and 
Zr0 2 ) , and silicon dioxide, titanium oxide, and zirconium oxide are 
xl%, yl%, and zl%, respectively. 
70 * xl + yl < 100 
xl + 0.5yl s; 80 
xl + yl + zl = 100 
(where xl > 0, yl > 0, zl > 0) 
[0041] Furthermore, in the first embodiment, a metal back layer 
5 made of a metal film such as an Al film is formed on the first 
treatment layer 4 containing the aforementioned inorganic oxide. 
To form the metal back layer 5, the metal film of Al or the like 
can be vacuum-deposited on a thin film made of an organic resin such 
as nitrocellulose, for example, formed by a spin method, then be 
heat-treated (baked) at a temperature approximately between 400°C 
and 450°C, and an organic material can be decomposed/removed. 
[0042] In the first embodiment, the first treatment layer 4 
containing the inorganic oxide such as silicon dioxide (SiQ 2 ), a 



silicon oxide containing an alkali metal such as Na, K, or Li, aluminum 
oxide (Al 2 0 3 ), titanium oxide (Ti0 2 ), or zirconium oxide <Zr0 2 ) is 
disposed on the phosphor layer 3 , and the metal back layer 5 is formed 
on the first treatment layer 4, whereby adhesive strength between 
the metal back layer 5 and a layer thereunder is large, and the metal 
layer 5 is resistant to peeling even when an electric field is applied. 
Accordingly, the probability of occurrence of abnormal discharge 
is low, resulting in excellent withstand voltage characteristics. 
[0043] Next, a second embodiment of the present invention will 
be described. 

[0044] As shown in FIG. 2 , in a metal back-attached phosphor screen 
in the second embodiment, a second treatment layer 6 is formed on 
the metal back layer 5. Incidentally, the structures of the other 
portions are the same as those in the first embodiment, and hence 
an explanation thereof is omitted. 

[0045] As a material composing the second treatment layer 6, an 
inorganic oxide of the same kind as the first treatment layer 4 can 
be used. The second treatment layer 6 can be formed in the same 
manner as in forming the first treatment layer 4 . Moreover , in forming 
the. second treatment layer 6, it is also possible to use an Si target 
and thermal spray/form a SiOx layer by a sputtering method while 
introducing oxygen into a vacuum vessel. 

[0046] in the second embodiment, the first treatment layer 4 
containing the inorganic oxide such as silicon dioxide (Si0 2 ), 
titanium oxide (Ti0 2 ), or zirconium oxide (Zr0 2 ) is formed on the 
phosphor layer 3 , and besides the second treatment layer 6 containing 
the aforementioned inorganic oxide is also formed on the metal back 
layer 5, whereby the adhesive strength of the metal back layer 5 
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is further improved. Accordingly, the metal back layer 5 becomes 
more resistant to peeling, which prevents the occurrence of abnormal 
discharge. 

[ 0047 ] As just described, by both forming the first treatment layer 
4 on the phosphor layer 3 and forming the second treatment layer 
6 on the metal back layer 5 for optimization, the adhesive force 
of the metal back layer 5 is increased, which can efficiently improve 
withstand voltage characteristics. 

[0048] Moreover, as a third embodiment of the present invention, 
the first treatment layer can be formed through a two-step coating 
film formation process as shown below. 

[0049] After a lower coating film which becomes a barrier against 
an organic solvent is formed on the phosphor layer by applying/ drying 
a coating solution which contains water such as a colloidal silica 
solution or a Na silicate solution, an upper coating film can be 
formed on the lower coating film by applying /drying a coating solution 
which contains an organic solvent such as a mixed solution containing 
oligomerwhich is obtained by hydrolyzing andpolycondensing alkoxide 
such as Si alkoxide. Thereafter, by heat-treating (baking) the 
entire coating film in which the lower coating film and the upper 
coating film are stacked, the treatment layer made of the inorganic 
oxide is formed. This makes it possible to inhibit deterioration 
of a phosphor due to adhesion of the organic solvent and prevent 
reduction in brightness. 

[0050] Next, as a fourth embodiment of the present invention, a 
FED including the metal-baked phosphor screen as an anode electrode 
is shown in FIG. 3. 

[0051] In this FED, a face plate 7 having a metal back-attached 



phosphor screen M in the aforementioned first embodiment and a rear 
plate 9 having electron emitting elements 8 arranged in a matrix 
are placed facing to each other with a space as narrow as approximately 
from one millimeter to several millimeters, and a high voltage from 
5 kV to 15 kV is applied between the face plate 7 and the rear plate 
9 . Numeral 10 in this figure denotes a supporting frame (sidewall ) . 
[0052] The space between the face plate 7 and the rear plate 9 
is extremely narrow and discharge (dielectric breakdown) tends to 
occur between these plates, but in the FED, the metal back layer 
is resistant to peeling since its adhesive strength is large, whereby 
the probability of production of projecting portions which trigger 
discharge is low. Hence, the occurrence of discharge is inhibited, 
and thereby withstand voltage characteristics are greatly improved. 
[0053] In the metal back-attached phosphor screen of the present 
invention, the first treatment layer containing one kind or two or 
more kinds of inorganic oxides selected from silicon oxide, a silicon 
oxide containing one kind or two or more kinds of alkali metal elements , 
aluminum oxide, titanium oxide, and zirconium oxide is formed on 
the phosphor layer, and the metal back layer is formed on the first 
treatment layer, whereby the adhesion strength between the layer 
containing the aforementioned inorganic oxide and the metal back 
layer is large, and therefore the metal back layer is resistant to 
peeling caused by the application of voltage. Accordingly, 
excellent withstand voltage characteristics are attained, and the 
probability of occurrence of abnormal discharge is low. Moreover, 
the electron beam accelerating voltage can be increased, and hence 
an image display device with high light-emission brightness can be 
obtained. 
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[0054] Next, specific examples of the present invention will be 
described. In the following examples, every % shows wt%. 
EXAMPLE 1 

[0055] A coating film was formed on the phosphor layer by coating 
a solution of colloidal silica whose solid content concentration 
was adjusted and a solution of Na silicate whose solid content 
concentration was also adjusted, and the correlation between adhesive 
force between the phosphor layer and the metal-back layer and 
discharge occurrence was examined. The procedure for fabricating 
samples is shown below. 

[0056] First, blue phosphor layers were formed on soda glass 
substrates (10 cm long X 10 cm wide) by the slurry method. 
[0057] Then, colloidal silica solutions whose solid content 
concentrations were adjusted to 2%, 5%, 10%, and 20%, respectively 
by dilution with pure water, and Na silicate (water glass) solutions 
whose concentrations were adjusted similarly were applied onto the 
aforementioned phosphor layers by the spray method to form coating 
films. Additionally, a sample in which the coating film was not 
formed on the phosphor layer was prepared. 

[0058] Subsequently, after an organic film was formed on each of 
the coating films by a well-known lacquer method, Al was deposited 
on this organic film, and an Al film 100 nm in thickness was formed. 
Thereafter, organic components were decomposed /removed by baking 
at 430°C for 30 minutes. Thus, the first treatment layer composed 
of the inorganic oxide was formed on the phosphor layer. 
[0059] Incidentally, the coating film formed of the colloidal 
silica solution finally becomes a layer including silica (Si0 2 ) 
particles by baking. Similarly, the coating film formed of the Na 
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silicate solution becomes a layer including alkali silicate glass 
(Na 2 0 • nSi0 2 ) particles. 

[0060] Thereafter, in the thus fabricated metal back-attached 
phosphor screen samples , the adhesive force of the metal back layers 
5 was evaluated in the way shown below. First, three kinds of adhesive 
sheets different in adhesion were fabricated by applying /drying 
toluene solutions of vinyl acetate (solid content concentrations 
1%, 2%, and 4%) on a polyethylene film 20 |jm in thickness using a 
bar coater. 

10 [0061] These adhesive sheets were cut into 1 cm by 1 cm squares, 
and an adhesive surface was placed so as to touch the surface of 
the metal back layer (Al film) of each of the samples. Then, after 
being pressed by a load of 3 kgf with a rubber roller, the adhesive 
sheet was stripped off. Subsequently, the degree of adhesion of 

15 the Al film to the adhesive surface of the stripped adhesive sheet 
was examined and marked. With a case where no Al film adhered to 
the adhesive surface as 4 points, a case where a small amount of 
Al film which was peeled into small fragments adhered to the adhesive 
surface as 3 points, a case where approximately a half of the Al 

20 film peeled from the sample and adheres to the adhesive surface as 
2 points, a case where most of the Al film peels off as 1 point, 
and a case where all of the Al film peeled of f as 0 points , the evaluation 
was performed by a total score (perfect score: 12 points) of three 
kinds of adhesive sheets different in adhesion. 

25 [0062] Evaluation results of the adhesive force of the metal back 
layers by the aforementioned method are shown by curves a in FIG. 
4 and FIG. 5, respectively. Incidentally, FIG. 4 shows the relation 
between the solid content concentration of the colloidal silica 



solution and the adhesive force evaluation score, and FIG. 5 shows 
the relation between the solid content concentration of the Na 
silicate (water glass) solution and the adhesive force evaluation 
score. 

[0063] From FIG. 4 and FIG. 5, it is known that in either case 
of the application of the colloidal silica solution and the Na silicate 
solution, the adhesive force between the first treatment layer and 
the metal back layer increases as the solid content concentration 
of the coating solution becomes higher. However, when the solid 
content concentration becomes equal to or higher than a certain value, 
the effect of increasing the adhesive force produced by the increase 
of concentration becomes saturated. 

[0064] Then, as concerns the same samples, withstand voltage 
characteristics were evaluated in the way shown below. Namely, the 
metal back-attached phosphor screen sample fabricated by the 
aforementioned method and a substrate obtained by forming an ITO 
film on a soda glass plate by deposition were placed in such a way 
that a surface on which ITO was deposited faced the metal-baked 
phosphor screen and a gap therebetween was maintained at 2 mm. 
Subsequently, a pseudo electron beam accelerator was fabricated by 
connecting the metal back-attached phosphor screen as an anode and 
the ITO film as a cathode to a direct current power supply in an 
atmosphere which was a vacuum of approximately 1 x 10" 5 Pa. 
[0065] Thereafter, in such an electron beam accelerator, potential 
difference was provided between the electrodes at a speed of 0.1 
kV/sec and a voltage Va at which electric discharge occurs was measured . 
After several tens of Va were measured with respect to one kind of 
phosphor screen, a voltage (Va -3a) which was obtained by subtracting 
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three times a standard deviation o from a mean value of Va was defined 
as a critical holding voltage of the sample. 
[0066] Evaluation results of the withstand voltage 
characteristics of the samples by the aforementioned method is shown 
by curves a in FIG. 6 and FIG. 7 respectively. Incidentally, FIG. 

6 shows the relation between the solid content concentration of the 
colloidal silica solution and the critical holding voltage, and FIG. 

7 shows the relation between the solid content concentration of the 
Na silicate solution and the critical holding voltage. 

[0067] From FIG. 6 and FIG. 7, it is known that in either case 
of the application of the colloidal silica solution and the Na silicate 
solution, the critical holding voltage of the sample increases as 
the sol id content concentration of the coating solution becomes higher . 
However, when the solid content concentration becomes equal to or 
higher than a certain value, the effect of increasing the critical 
holding voltage produced by the increase of concentration becomes 
saturated. 

[0068] Moreover, from FIG. 4 to FIG. 7, it is confirmed that as 
the adhesive force of the metal back layer increases, the critical 
holding voltage becomes higher and the probability of occurrence 
of abnormal discharge reduces. 
EXAMPLE 2 

[0069] The relation between the formation of the coating film on 
the metal back layer and the adhesive force of the metal back layer 
and the withstand voltage characteristics was examined in the way 
shown below. 

[0070] colloidal silica solutions whose solid content 
concentrations were adjusted to 2%, 5%, 10%, and 20%, respectively, 
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by dilution with pure water, and Na silicate solutions whose 
concentrations were adjusted similarly were applied onto the metal 
back layers ( Al films ) of the respective samples fabricated in Example 
1 by the spray method to form coating films . Thereafter, the second 
treatment layer composed of the inorganic oxide was formed on each 
of the metal back layers by baking at 430°C for 30 minutes. 
[0071] Then, the adhesive force and voltage withstand 
characteristics of each of the samples thus fabricated were 
measured/evaluated in the same way as in Example 1. Evaluation 
results of the adhesive force are shown by curves b to e in FIG. 
4 and curves b to e in FIG. 5. Measurement results of the critical 
holding voltage are shown by curves b to e in FIG. 6 and curves b 
to e in FIG. 7. 

[0072] Incidentally, the curve b in FIG. 4 and the curve b in FIG. 
6 show measurement results when the first treatment layer is formed 
on the phosphor layer by using the colloidal silica solution and 
the second treatment layer is formed on the Al film by using the 
colloidal silica solution whose solid content concentration is 2%, 
and similarly the curves c, the curves d, and the curves e in FIG. 
4 and FIG. 6 respectively show measurement results when the coating 
solution on the phosphor layer is the colloidal silica solution and 
the coating solutions on the Al film are 5%, 10%, and 20% colloidal 
silica solutions. 

[0073] Further, the curve b in FIG. 5 and the curve b in FIG. 7 
show measurement results when the first treatment layer is formed 
on the phosphor layer by using the Na silicate solution and the second 
treatment layer is formed on the Al film by using the Na silicate 
solution whose solid content concentration is 2%, and similarly the 
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curves c , the curves d , and the curves e in FIG . 5 and FIG . 7 respectively 
show measurement results when the coating solution on the phosphor 
layer is the Na silicate solution and the coating solutions on the 
Al film are 5%, 10%, and 20% Na silicate solutions. 
5 [0074] From respective graphs in FIG. 4 to FIG. 7, it is known 
that the effect of increasing the adhesive force of the metal back 
layer and improving the withstand voltage characteristics cannot 
be obtained by only forming the second treatment layer on the Al 
film without forming the first treatment layer on the phosphor layer . 
10 It is further known that when the first treatment layer is formed 
on the phosphor layer and the second treatment layer is formed on 
the Al film, the adhesive force of the metal back layer is further 
increased and the withstand voltage characteristics are further 
improved by a synergistic effect between the first treatment layer 
15 and the second treatment layer. It is furthermore known that as 
the solid content concentration of the solution (colloidal silica 
solution or Na silicate solution) applied onto the phosphor layer 
becomes higher, the synergistic effect of increasing the adhesive 
force increases. 
20 EXAMPLE 3 

[0075] It is thought that the reason why the formation of the second 
treatment layer on the Al f ilmproduces an effect is that this treatment 
layer mends minute defects such as pinholes existing in the Al film. 
To verify this, using the Al film which was previously flawed, the 
25 same examination as in Example 2 was made, and the withstand voltage 
characteristics ( critical holding voltages ) were measured/ evaluated . 
Measurement results are shown by curves a to e in FIG. 8 and curves 
a to e in FIG. 9, respectively. 



[0076] The curve a in FIG. 8 shows a measurement result when the 
solution applied onto the phosphor layer is the colloidal silica 
solution and no coating treatment is performed on the Al film, and 
the curve b, the curve c, the curve d, and the curve e in FIG. 8 
show measurement results when the coating solution on the phosphor 
layer is the colloidal silica solution and the solutions applied 
onto the Al film are colloidal silica solutions whose solid content 
concentrations are 2%, 5%, 10%, and 20%, respectively. 
[0077] Moreover, the curve a in FIG. 9 shows a measurement result 
when the solution applied onto the phosphor layer is the Na silicate 
solution and no coating treatment is performed on the Al film, and 
the curve b, the curve c, the curve d, and the curve e in FIG. 9 
show measurement results when the coating solution on the phosphor 
layer is the Na silicate solution and the solutions applied onto 
the Al film are Na silicate solutions whose solid content 
concentrations are 2%, 5%, 10%, and 20%, respectively. 
[0078] By comparing Fig. 8 and FIG. 6 and comparing FIG. 9 and 
FIG. 7, it is known that when the Al film is flawed, the effect of 
improving the withstand voltage characteristics produced by the 
formation of the first treatment layer on the phosphor layer reduces . 
However, by forming the first treatment layer on the phosphor layer 
and further forming the second treatment layer on the Al film layer, 
the effect of improving the withstand voltage characteristics gets 
better to the same level as that without any flaw. 
[0079] Then, to examine a lower limit value of the critical holding 
voltage in the metal back-attached phosphor screen, the driving 
voltage (anode voltage) was changed in a range from 5 kV to 15 kV, 
and the relation between the film thickness of the Al film (the metal 
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back layer) and light-emission brightness (relative brightness ) was 
measured. Measurement results are shown in FIG. 10. 
[0080] Respective curves in FIG. 10 show measurement results when 
the anode voltage is 5 kV, 7 kv, lOkV, and 15 kv. The lower the 
driving voltage, the sharper peak appears in the light-emission 
brightness, and the peak value appears when the thickness of the 
Al film is approximately 50 nm. When the driving voltage is less 
than 3 kv in approximately 50 nm of the Al film thickness , the electron 
beam does not easily pass through the metal back layer, and therefore 
the phosphor hardly emits light. Accordingly, it turns out that 
the metal back-attached phosphor screen cannot be used as a phosphor 
screen unless the critical holding voltage is equal to or higher 
than 3 kV. 

[0081] The solid content concentration of the colloidal silica 
solution or the Na silicate solution as the coating solution and 
the content of the inorganic oxide in the first or the second treatment 
layer formed from this coating solution are in proportion. Hence, 
an optimum range of the content of the inorganic oxide in the first 
or the second treatment layer can be found from an optimum range 
of the aforementioned solid content concentration of the coating 
solution. 

[0082] First, an adhesive tape was stuck on an Al film side of 
the sample by pressing it with a finger. Then, the adhesive tape 
was stripped off and separated into a layer lower than the Al film 
(decomposition sample-1) and a layer including and upper than the 
Al film (decomposition sample-2). Subsequently, both the samples 
were decomposed by an acid and subjected to elemental analysis by 
an ICP-AES method. 
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[0083] As concerns the decomposition sample- 1 , the weight per unit 
area of the phosphor was found by the following method . First , after 
the weight of Zn which was a basic component of the used blue phosphor 
was found, the weight was converted into ZnS to obtain the weight 
of the phosphor. Then, after the weight of the Si being a component 
of the first treatment layer was found, the weight was converted 
into Si0 2 to obtain the weight of the first treatment layer. 
[0084] Thus, it was known that when the content (per unit area, 
hereinafter same as this ) of the inorganic oxide in the first treatment 
layer was 2% to 20% of the content per unit area of the phosphor 
in the phosphor layer, the metal back-attached phosphor screen having 
a critical holding voltage egual to or higher than 3 kv could be 
obtained and used as a phosphor screen of a thin display device. 
[0085] Then, as a result of finding the weight of Si0 2 in the 
decomposition sample-2 using the same method also when the treatment 
layer (second treatment layer) was further formed on the Al film, 
it was known that by converting the content of the inorganic oxide 
in the second treatment layer into the component weight per unit 
area of the metal back layer on the phosphor layer to obtain 4 ng/cm 2 
to 4 0 ng/cm 2 , the critical holding voltage could be further increased . 
When the inorganic oxide in the second treatment layer exceeds 4 
Hg/cm 2 to 40 ng/cm 2 , the effect of increasing the critical holding 
voltage was saturated and no longer improved. 
EXAMPLE 4 

[0086] A mixed solution containing oligomer which was obtained 
by hydrolyzing and polycondensing various kinds of alkoxides was 
prepared in the way shown below. At least one kind selected from 
tetraethyl silicate (tetraethoxysilane) , tetraethyl titanate 



(tetraethoxyt Itanium), and zirconium tetra-n-butoxide was used as 
the alkoxide, and the hydrolysis was performed stepwise according 
to the number of used alkoxides to prepare the coating solution in 
which oligomer was mixed. 

[0087] After proper quantities of ethanol, nitric acid, and pure 
water were added to a first alkoxide and stirred for several tens 
of minutes, proper quantities of a second alkoxide and pure water 
were added thereto and stirred for several tens of minutes. When 
a third alkoxide was used, proper quantities of the third alkoxide 
and pure water were added and stirred for several tens of minutes. 
Then, after the temperature of the solution was increased to 50°C 
and the solution was stirred for a proper period of time, a proper 
quantity of pure water was added, and then the solution was stirred 
at 50°C for a proper period of time. Subsequently, after the 
temperature of the solution was decreased to around room temperature, 
IPA (isopropyl alcohol) was added to dilute the solution to three 
times to five times its original concentration to prevent gelation 
to thereby obtain the coating solution. Incidentally, conditions 
such as component materials other than the alkoxide, stirring time, 
and dilution concentration were adjusted properly according to the 
compounded quantity of alkoxide. 

[ 0088] The mixed solution containing two or more kinds of oligomers 
prepared through the aforementioned procedure was used in place of 
the colloidal silica solution and the Na silicate solution to form 
the coating film on the phosphor layer by the spray method. Then, 
after an organic film was formed on the coating film by the well-known 
lacquer method, Al was deposited on the organic film by a deposition 
method to form an Al film 100 nm in thickness, and thereafter, organic 
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components were decomposed/removed by baking at 430°C for 30 minutes . 
Moreover, after a coating film was also formed on the Al film thus 
formed using the aforementioned mixed solution, the coating film 
was baked. 

[0089] Thus, composite oxide layers containing a Si0 2 component, 
a Ti0 2 component, and a ZrO z component in various percentages (weight 
ratios) were formed on the phosphor layer and the Al film. 
Incidentally /when the mixed solution was applied, the solid content 
concentration and the coating thickness of the mixed solution were 
adjusted in such a way that the content per unit area of all the 
inorganic oxides finally formed by heat treatment was 10% of the 
content of the phosphor of the lower layer. 

[ 0090] As concerns the metal back-attached phosphor screen samples 
obtained by adjustment in various compounding ratios, the relation 
between the compounded quantity and adhesive force was examined. 
Results are shown in FIG. 11 . FIG. 11 shows the adhesive force with 
respect to the percentages of Si0 2 and Ti0 2 , and the remaining 
percentage is the percentage of Zr0 2 . In this figure, a region A 
shows a region where the adhesive force scores less than 8 points 
and is the same as that when colloidal silica, Na silicate, or the 
like is used singly, a region B shows a region where the adhesive 
force scores 8 points to 10 points and is slightly improved, and 

* 

a region C shows a region where the adhesive force gets full 12 points , 
respectively . 

[0091] As shown in FIG. 11, as the percentages of Ti0 2 and Zr0 2 
increase, the adhesive force improves. If approximate numerical 
expressions are formulated, it is said that the adhesive force further 
improves in a region where all the following expressions hold when 
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Si0 2 is x%, TiO z is y%, and ZrO z is z%. 
x + y < 100 

x + 0.5y =s 80 

x + y + z = 100 

(where x>0, y>0, z>0) 
[0092] Next, when the critical holding voltage was examined in 
the same manner, the relation which was almost proportional to the 
aforementioned relation regarding the adhesive force was obtained. 
The critical holding voltage in the region A was less than 6 kV, 
the critical holding voltage in the region B was 6 kV to 9 kV, and 
the critical holding voltage in the region C was 9 kV to 12 kV. 
[0093] Moreover, since Zr which was a component of Zr0 2 has a large 
atomic number and hence since there was a possibility of a reduction 
in the transmittance of an electron beam, the brightness reduction 
rate was examined regarding the aforementioned samples. 
[0094] Measurements were made in the way shown below. The 
schematic structure of a brightness measuring device is shown in 
FIG. 12. In this figure, numeral 11 denotes a vacuum chamber which 
is also used as an earth to house the sample, numeral 12 denotes 
a vacuum pump, numeral 13 denotes a lid to take out the sample, numeral 
14 denotes a brightness measuring glass window, numeral 15 denotes 
a deflection yoke, numeral 16 denotes an electron gun for the CRT, 
numeral 17 denotes an electron gun atmosphere interrupting unit, 
and numeral 18 denotes an anode supply terminal, respectively. 
[0095] First, the sample was placed in the vacuum chamber with 
its metal back layer facing toward the electron gun side, and the 
metal back layer and an anode terminal were connected. The space 
between the electron gun and the sample was set to 30 cm in order 
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to prevent discharge caused by the deposition of the metal back layer . 
The interior of the vacuum chamber was maintained at a vacuum of 
approximately 1 x 1(T 5 Pa, the electron gun and the deflection yoke 
were driven at a desired anode voltage , and the brightness was measured 
from the brightness measuring glass window. Measurement results 
are shown in FIG. 13. 

[0096] FIG. 13 shows the distribution of brightness reduction rate 
with respect to the percentages of Si0 2 and Ti0 2 (at an anode voltage 
of 5 kV), and the remaining percentage is the percentage of Zr0 2 . 
in this figure, a region A shows a region of no practical use where 
the brightness reduction rate is equal to or more than 30%, a region 
B is a practical-level region where the brightness reduction rate 
is equal to or more than 10% and less than 30%, and a region C is 
a region where the brightness reduction rate is less than 10% and 
the brightness is specially satisfactory, respectively. 
[0097] As shown in FIG. 13, as the percentage of Zr0 2 increases, 
the brightness reduction rate increases . When approximate numerical 
expressions are formulated, the practical-level brightness 
characteristics can be maintained in a region where all the following 
expressions hold when Si0 2 is x%, Ti0 2 is y%, and ZrO z is z%. 

70 <; x + y < 100 

x + y + z = 100 

(where x>0, y>0, z>0) 
[0098] When the aforementioned results are summarized, the 
compounding ratio needs to be determined in a combined region of 
the aforementioned respective regions in order to efficiently utilize 
the property of high adhesive force of a composite metal oxide film 
containing three components of Si, Ti, and Zr in a practical-level 
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region of brightness . This is shown by a region Ao in FIG. 14 . When 
approximate numerical expressions are formulated, the adhesive force 
and the critical holding voltage can be increased while the 
practical-level brightness characteristics are maintained in a 
region where all the following expressions hold when Si0 2 is x%, 
Ti0 2 is y%, and Zr0 2 is z%. 
70 s x + y < 100 
x + 0.5y s 80 
x + y + z = 100 
(where x > 0, y>0 / z>0) 
[0099] Further, when the formation of the second treatment layer 
on the metal back layer and examinations were made in the 
aforementioned composition range, it was found that the same tendency 
as when colloidal silica was used was observed and also there was 
a synergistic effect. In the aforementioned combined region, the 
critical holding voltage reached 20 kV at the maximum in some samples . 
[ 0100] Furthermore, also when an oxide in which the Si0 2 component 
and the Ti0 2 component were bonded in a matrix in a predetermined 
ratio (hereinafter referred to as a Si0 2 • Ti0 2 compounded type oxide) 
which was obtained by hydrolyzing and polycondensing 
( copolymer izing) silicon alkoxide and titanium alkoxide by the 
sol-gel method was provided on the phosphor layer, adhesive force 
and withstand voltage characteristic were improved. Besides, when 
the Si0 2 • Zr0 2 compounded type oxide was provided on the phosphor 
layer, the adhesive force of the metal back layer and the withstand 
voltage characteristics were still further improved. 
[0101] When an oxide obtained by compounding two or more kinds 
of components was provided, the effect of improving the adhesive 
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force and the withstand voltage characteristics increased further 
as the content percentage of the Zr0 2 component was higher. 
[0102] Moreover, as concerns the treatment of the Al film, the 
same effect as that when treatment was performed using the colloidal 
silica solution and the Na silicate solution could be obtained. It 
was known that when treatment was performed on the phosphor layer 
by the mixed solution and the treatment was also performed on the 
Al film, the adhesive force of the metal back layer further increased 
by the synergistic effect thereof, and the withstand voltage 
characteristics improved. 
EXAMPLE 5 

[0103] It is predicted that due to the formation of the inorganic 
oxide layers on the phosphor layer and the Al film, the transmittance 
of the electron beam reduces and brightness characteristics degrade. 
Therefore , regarding the metal back-attached phosphor screen samples 
fabricated in Examples 1 and 2, and Example 4 respectively, the 
light-emission brightness at an anode voltage of 5 kV was measured 
by the same method as above . FIG. 15 is a graph showing the relation 
between the adhesive force of the metal back layer and the brightness 
reduction obtained as a result of measurement. 

[0104] A curve f in this figure shows brightness degradation when 
the colloidal silica solution or the Na silica solution is applied. 
In any combination, almost the same result can be obtained. It is 
known that the brightness degradation hardly occurs until the adhesive 

force saturation concentration is reached, and there is practically 
no problem if coating is performed at a saturation point of adhesive 
force. 

[0105] In this figure, a curve g shows brightness degradation when 
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the solution in the ratio of 20% Si0 2 , 70% Ti0 2 and 10% Zr0 2 is applied, 
and a curve h shows brightness degradation when the solution in the 
ratio of 15% Si0 2 , 60% Ti0 2 and 25% Zr0 2 is applied. 
[0106] By changing the concentration, the adhesive force changes , 
but when the change of the curve g is observed, it can be seen that 
the brightness degradation does not depend on the adhesive force, 
and the brightness degrades evenly by approximately 7%. Hence, on 
the assumption that the phosphor layer was dissolved in a solvent 
of a sol-gel solution and was deformed, the following examination 
was made. 

[0107] First, after the Na silicate solution being a water solvent 
was applied/dried, the solution in the ratio of 20% SiO z , 70% Ti0 2 
and 10% Zr0 2 and the solution in the ratio of 15% Si0 2 , 60% Ti0 2 and 
25% Zr0 2 were prepared while their concentrations were varied and 
the solutions with various adhesive forces were applied. When the 
brightness was evaluated again, it was found that the brightness 
when the solution in the ratio of 20% Si0 2 , 70% Ti0 2 and 10% Zr0 2 
was applied was as shown by a curve i. The brightness when the solution 
in the ratio of 15% Si0 2 , 60% Ti0 2 and 25% Zr0 2 was applied was as 
shown by a curve j, and hence in each case, brightness degradation 
was inhibited . 

[0108] As shown in this figure, in the sample in which the layer 
composed of the inorganic oxide is formed both on the phosphor layer 
and on the Al film by the application of the colloidal silica solution 
ortheNa silicate solution, the degree of reduction in light -emission 
brightness with respect to the degree of increase in the adhesive 
force of the metal-back layer is high. In contrast, in the sample 
having the layer of the inorganic oxide obtained from the mixed 
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solution containing oligomer obtained by hydrolyzing and 
polymerizing alkoxide, the degree of reduction in brightness with 
respect to the degree of increase in adhesive force is low. 
[0109] in the sample having the layer of the inorganic oxide 
containing the Ti0 2 component, the reduction in light-emission 
brightness is small, and particularly the sample in which the SiO z 
• TiO z compounded type oxide layer is formed has excellent brightness 
characteristics. Moreover, in the sample having the Si0 2 • Zr0 2 
compounded type oxide layer, the adhesive force of the metal back 
layer is greatly improved. 



Industrial Applicability 

[0110] As described above, according to the present invention, 
a phosphor screen whose metal back layer has a high adhesive strength 
and is resistant to peeling caused by voltage application can be 
obtained. Accordingly, the electron beam accelerating voltage can 
be increased because of excellent withstand voltage characteristics 
and a low probability of occurrence of abnormal discharge, and a 
high-voltage drive and high light-emission brightness thin display 
device can be realized. 
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